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Abstract. Molecular beam epitaxy was used to grow thin (6-12nm) ferromagnetic MnAs films on
a Si(1 11) substrate. The characterization of the film structural and magnetic properties was carried
out using X-ray, RHEED, AFM and magneto-optical methods.

Introduction

In recent years, epitaxial ferromagnetic thin films on semiconductors have become a subject
of intensive studies [1, 21. It is expected that such systems can lead to a new class of
devices which integrate magnetic, semiconducting and optical properties. Ferromagnetic
manganese arsenide (MnAs) films on silicon (Si) and gallium arsenide (GaAs) substrates
are attractive for such applications due to excellent magnetic properties and a high Curie
temperature (40'C). Much progress has lately been made in the study of relatively thick
MnAs layers [3, 41. At present, many research groups focus their efforts on the growth
of nanoscale ferromagnetic films on semiconductors because these can display new spin-
dependent kinetic and magneto-optical phenomena [5 1.

In this paper we report on MBE growth, epitaxial structure and magnetic characterisation
of MnAs nanoscale films.

1. Growth

Manganese arsenide thin films having the thickness (6-12) nm were grown in a conventional
III-V MBE system (ULVAC MBC-508) with a Mn effusion cell. We used Si(1 11) substrates
with 1.5' misorientation. After chemical treatment [61 and drying in N2 gas flow, the Si
substrates were introduced into the MBE growth chamber and annealed at -900'C at As4
flow for a few minutes. With the As4 flow kept on, the MnAs epitaxial growth was started
by supplying Mn flow. The typical growth rate was about 0.8 nm/min. The crystalline
quality of the substrates and ferromagnetic film layers was monitored in situ by RHEED.

The structural characterization of the (6-12 nm) MnAs/Si(1 11) samples was made by
X-ray diffraction measurements (0-20 method). The X-ray results for the B 1118 film
(d = 10 nm) are shown in Fig. 1. One can see MnAs[0001 I (at 15.5'), MnAs[0002j (at
31Y3°) and MnAs[0004] (at 65.3Y) peaks in addition to intensive Si( 111) and Si(222) peaks.
These peaks indicate that the film grows epitaxially in the direction of c-axis. The average
thickness (d) was defined as the amount of material deposited on the Si substrate.

The surface film morphology was measured with a Digital Instruments atomic force
microscope operating in the contact mode. The surface morphology features for 3 films
is depicted in Fig. 2. In Fig. 2(a), the thin film B 1105 has a uniform distribution of
MnAs across the substrate surface. Hexagon-like islands appear with increasing average
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Fig. 1. X-ray diffraction spectrum of a MnAs film (BI 118, d = 10 nm) grown on Si(1 11). The
assignment of dominant peaks is shown.
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Fig. 2. AFM images of MnAs films: (a) B 1105 (350GC; 1.2; 6 nm), (b) B 1118 (406 C; 1.2; 10 nm),
(c) B 1083 (350'C; 2.0; 12 nm). In brackets: the substrate temperature, As4-to-Mn flow ratio and
the average thickness, respectively.

thickness (for BI 118 and B 1083), as can be seen in Fig. 2(b),(c). In Fig. 2(b), the islands
have heights up to 50 nm and lateral dimensions in the range from 50 nm to 100 nm.
Figure 2(c) demonstrates a tendency for larger island sizes up to the heights of 50-100 nm.

2. Magneto-optical studies

The magneto-optical Kerr rotation effect was measured in the longitudinal and polar ge-
ometry [71 when linearly polarized light was reflected by the films. The measurements
were carried out at the wavelengh of 0.63 /tm (He-Ne laser) in a magnetic field up to
0.7 T at room temperature. The measurement sensitivity of rotation was -5". Figure 3(a)
shows the Kerr hysteresis loops measured in the longitudinal geometry in the B 1083 and
B 1105 films. The loops are saturated. Figure 3(b) demonstrates the azimuth dependence
of the Kerr rotation magnitude in the B 1083 film. The dependence is mostly isotropic.
The measurements in the polar geometry using a solenoid to create a field of 0.05 T have
shown that the value of the polar effect in different films is by about a factor of ten smaller
than in the longitudinal geometry and no saturation is reached. Figure 4(a) illustrates the
dependence of the longitudinal Kerr effect on the average film thickness.

3. Discussion and conclusions

The measurements of Kerr hysteresis loops clearly indicate the ferromagnetic character of
the MnAs films. The azimuthal dependencies of the Kerr effect show that the films can be
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Fig. 3. (a) The Kerr hysteresis loops in the longitudinal geometry for p-polarized light at the
incidence angle of qo - 15' in the B 1083 and B 1105 films. (b) The azimuth dependence of the
longitudinal Kerr rotation in the B 1083 film.
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Fig. 4. The longitudinal Kerr rotation as a function (a) of the average film thickness; (b) of the total
intensity of MnAs X-ray peaks.

characterized as having "easy plane" anisotropy with magnetization in the film plane. Since
MnAs has the hexagonal NiAs sructure, this type of anisotropy apparently follows from
the (1 11) orientation of the substrate, which provides a high epitaxial growth symmetry.
The dependence presented in Fig. 4(a) can be understood taking into account the fact that
the films studied are much thinner than the light penetration depth into the sample. In this
case, the Kerr effect is proportional to the thickness of the magnetic layer. An analysis of
the AFM images shows that the Kerr rotation magnitude depends on the film morphology.
The effect is larger in films where MnAs islands display hexagon-like patterns and where
the dimensions of the islands are larger. We suggest that these islands form the magnetic
fraction of the film. To prove this suggestion, we have replotted the data of Fig. 4(a)
as a function of the magnetic fraction evaluated from the total intensity of MnAs X-ray
diffraction peaks normalized to the integral Si substrate peak intensity. The results are
presented in Fig. 4(b). The data in Fig. 4(b) are well described by the linear dependence
crossing the thickness axis close to zero.

Thus, we have grown thin (6-12 nm) MnAs films on Si (I 11) by MBE. X-ray diffraction
analysis has shown that the MnAs growth plane is (0001). The film surface morphology was
studied by AFM. The AFM images indicate that MnAs hexogon-like islands are formed on
the Si substrate. The magneto-optical studies have shown that the films are ferromagnetic
with the "easy-plane" type of anisotropy. The combined analysis of RHEED, X-ray diffrac-
tion, AFM and magneto-optical studies allows us to conclude that hexagon-like islands form
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the magnetic fraction and can be attributed to MnAs.
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